1. Introduction {#s0005}
===============

Beginning in December 2019, a novel, highly contagious infectious disease named Coronavirus Disease 2019 (COVID-19) caused by a new pathogen "SARS-CoV-2", became rampant in China and quickly spread globally \[[@bb0005],[@bb0010]\]. Similar to influenza, the novel coronavirus is transmitted via respiratory droplets during close unprotected contact between people \[[@bb0015]\]. Unfortunately, the pathological mechanisms, the treatments, and prognosis remain unclear.

The first affected area was in Wuhan and the adjoining city in Hubei province, China. Infected individuals quickly spread the disease throughout the country with the rate of secondary COVID-19 infections ranging from 1 to 5% among the tens of thousands of close contacts of confirmed cases in China \[[@bb0020]\]. Nanjing, the capital city of Jiangsu Province in East China, was not spared in this pandemic. There are approximately 80 million people in Jiangsu Province and 8.335 million that live in Nanjing. Nanjing Hospitals serve as the regional referral center for the Province. In response to the importation of COVID-19, we set up fever clinics in each general hospital for screening and local isolation of confirmed cases. However, emergency departments (ED) remained a priority choice for patients with symptom onset in China, facing enormous pressure, especially in the early stages of the epidemic.

From January 23, 2020, Chinese authorities suspended travel from multiple cities; from January 25, 2020, Jiangsu province initiated the highest level response to the public health emergency of COVID-19, including travel bans, mandatory masks, and adoption of stringent 'social distancing' practices \[[@bb0020]\]. These unprecedented efforts to control this infectious disease had a profound impact on ED visits. In contrast to previous epidemic experiences, such as influenza \[[@bb0025]\], COVID-19 has in a noticeable drop in ED visits in China and other countries worldwide, rather than overcrowding which may have been expected.

We conducted a multicentre descriptive study with the support from the Society of Emergency Medicine of the Nanjing Medical Association to examine the relationship between ED visits and COVID-19 outbreaks in Nanjing, China. This study is expected to provide a reference for relevant policy development and for the rational allocation of emergency medical resources when facing a pandemic.

2. Materials and methods {#s0010}
========================

2.1. Study design and setting {#s0015}
-----------------------------

This was a retrospective, cross-sectional, descriptive study carried out in Nanjing, China from October 2019 through February 2020. We performed month-to-month analyses on disease severity for ED visits in Nanjing. Furthermore, since February 2020 was the peak month of the COVID-19 epidemic in Nanjing, the same month each year from 2017 to 2020 was compared for the year-to-year analysis. Nanjing is the nation\'s tenth largest city with a population of 8.335 million people and has 31 comprehensive public hospitals with EDs open during the course of the study (including 18 Grade-A tertiary hospital, 5 Grade-B tertiary hospital and 8 Grade-A secondary hospital). There are over two thousand ED medical staff (including doctors and nurses) in Nanjing. The study was approved by the Research Ethics Board of project sponsor, Jiangsu Province Hospital (No. 2020-SR-133).

2.2. Data collection and processing {#s0020}
-----------------------------------

The COVID-19 epidemic associated information was confirmed by regional and national official health agencies. Patients were divided into four categories: patients under investigation, suspected cases, confirmed cases, and non-infected cases. Confirmation of COVID-19 diagnoses in ED patients was performed as follows:

2.3. COVID-19 infection risk stratification in China {#s0025}
----------------------------------------------------

Step 1: Determination of patients under investigation (PUI) for COVID-19 (clinical features +1 out of 3 epidemiologic risks):

Clinical features: fever (defined as temperature 37.5 °C) or signs / symptoms of lower respiratory illness (eg. Cough or shortness of breath).

Epidemiologic risk:1.A history of travel from Wuhan city and surrounding areas, China, or other community with case reports within 14 days;2.Any person, who has had close contact with a laboratory-confirmed COVID-19 patient within 14 days;3.Any person, who has had close contact with a person from Wuhan city and surrounding areas, China, or other community with case reports within 14 days.

Step 2: Criteria to Guide PUI as Suspected Cases for COVID-19 (all clinical features + no epidemiologic risk OR 2 out of 3 clinical features +1 out of 4 epidemiologic risks):

Clinical features:1.fever or signs / symptoms of lower respiratory illness (eg. Cough or shortness of breath);2.With relevant chest CT imaging characteristics of pneumonia;3.The total number of white blood cells is normal or decreased in early onset, or the lymphocyte count is reduced.

Epidemiologic risk:1.A history of travel from Wuhan city and surrounding areas, China, or other community with case reports within 14 days of symptom onset;2.Any person, who has had close contact with a laboratory-confirmed COVID-19 patient within 14 days of symptom onset;3.Any person, who has had close contact with a person from Wuhan city and surrounding areas, China, or other community with case reports within 14 days of symptom onset;4.Cluster onset.

Step 3: Criteria to Guide Suspected Patient as Confirmed Cases for COVID-19 (with one of the following pathogenic evidence):1.Confirmed by real-time reverse-transcriptase-polymerase-chain-reaction (RT-PCR) assay;2.Confirmed by high throughput sequencing.

PUI were sent to the fever clinic from ED, if patients were too sick for the fever clinic, they received a single room in an ED isolation ward or isolation bed in the ICU, under the management of the fever clinic. PUI were not treated in ED system after referral to the fever clinic, until they were confirmed as a non-COVID case.

Data on ED visits were obtained from 28 hospitals with ED electronic record systems (ERS). We collected the following data: total numbers of ED visits; critically ill patients (defined as triage grade I and II according to Chinese Emergency Triage Scale (ETS) \[[@bb0030]\]. The ETS has five grades (I, II, III, IVa and IVb) and is equivalent to the American Emergency Severity Index (ESI) \[[@bb0035]\] levels of 1--5. Grade I (acute and dangerous) includes patients who are critically ill and require immediate life-saving interventions; grade II (acute and severe) describes patients in severe or rapidly deteriorating conditions); patient deaths (defined as patients who died during emergency treatment in EDs); and disease diagnoses, coded by using the International Classification of Diseases, Tenth Revision (ICD-10); occurrence of cardiopulmonary resuscitation (CPR) (ICD-10 codes I46); acute coronary syndrome (ACS) (ICD-10 codes I20-I24); stroke (ICD-10 codes I60-I63); trauma (ICD-10 codes S00-S99) and poisoning (ICD-10 codes T36-T65).

2.4. Outcome measures {#s0030}
---------------------

We captured the number of ED visits with clinical features of COVID (fever or signs / symptoms of lower respiratory illness), the proportion of PUI sent to the fever clinic from the ED visit with clinical features of COVID-19 infection, the number of suspected cases, confirmed cases, and excluded cases from those PUI. We also captured the proportion of confirmed cases in Nanjing sent from their ED visit. We recorded the number of ED medical staff who were sent to Hubei province makeshift hospitals to support front line.

We performed month-to-month analysis and year-to-year analysis on the most severe visits seen in Nanjing EDs. We examined whether the total number and the proportion of all ED visits with one of these conditions (critically ill; death) / diagnoses (CPR; ACS; stroke; trauma; poisoning) changed during the study period. Furthermore, we evaluated the extent to which the different grades of hospitals were affected.

2.5. Data definitions {#s0035}
---------------------

Critically ill visits were defined as ETS grade I (acute and dangerous), which includes patients who are critically ill and require immediate life-saving interventions (those undergoing CPR, mechanical ventilation, etc), and grade II (acute and severe) describes patients in severe or rapidly deteriorating conditions, e.g. myocardial infarction or trauma with hemodynamic instability. Then, disease classifications were defined according to ICD code for patients not triaged into ETS grade II or above, e.g. trauma with one extremity fracture. We considered the most severe and the most common ED visits to involve deaths, critically ill, cardiopulmonary resuscitation (CPR), ACS, stroke, trauma, or poisoning. These visits require emergency management and can\'t be effectively managed outside of an ED in China, or most countries worldwide.

2.6. Primary data analysis {#s0040}
--------------------------

Categorical variables were described as frequencies and proportions. The year-to-year analyses (4 time points) and month-to-month analyses (5 time points) were compared with chi-square and *t*-tests on the whole dataset (4 time points or 5 time points). We then performed a time series trend chi-square test on the dataset (4 time points or 5 time points). If the P~trend~ value is statistically significant, it means that the whole dataset exhibits an upward or downward trend. We then determined the trend for the first 3 or 4 data points by disregarding the data from February 2020, to determine if there was a trend in ED visits prior to the pandemic. When the February 2020 trend was consistent with the preceding data trend, we determined the magnitude of the data variation, according to the increasing monthly proportion. To compare the proportion of disease severity visits, we calculated ICD code proportion changes. We performed inter-group chi-square test for the first 3 or 4 data points by disregarding the data for February 2020, then performed the analyses on the entire dataset, including the February 2020 data. We then performed the time course analysis including the February 2020 data as described above. We then performed these analyses stratified by hospital grade to determine if the trend was driven by larger referral center hospitals. All analyses were performed using SPSS for Windows (version 20.0, IBM Inc., Chicago, IL, USA). A two-tailed *t*-test using a *p* value \<.05 was considered statistically significant.

3. Results {#s0045}
==========

3.1. Visits to Nanjing EDs {#s0050}
--------------------------

Twenty-eight (90.32%) of 31 EDs provided data for this cross-sectional study. By the end of February 2020, 22 (70.97%) ED units from Nanjing sent a total of 77 (4.13%) ED medical staff to Hubei province makeshift hospitals to support front line (supplemental Table S1). There were 631 laboratory-confirmed COVID-19 cases in Jiangsu Province (including 429 cases confirmed in February 2020); of which 93 cases were in Nanjing (65 cases in February). There were 40 cases (43.01%) screened from ED visits (Grade-A tertiary hospital: 35 cases, Grade-B tertiary hospital: 4 cases, Grade-A secondary hospital: 1 case). Between January and February 2020, the number of ED visits with clinical features of COVID-19 infection was 39,636 (Grade-A tertiary hospital: 29,337, Grade-B tertiary hospital: 6916, Grade-A secondary hospital: 3383); 6977 (17.60%) of these visits were sent to fever clinic as PUI. Seven hundred and eighteen (10.29% of PUI) people sent to the fever clinic were determined to be suspected cases and 40 were confirmed cases (0.57% of PUI) (see [Fig. 1](#f0005){ref-type="fig"} ).Fig. 1The distribution of COVID-19 confirmed cases from ED visits in Nanjing 28 hospitals. A: In January and February 2020, total number of ED visits with key clinical features, fever or symptoms of lower respiratory which were sent to fever clinics as patients under investigation (PUI) for COVID-19. B: PUI sent from EDs identified as suspected patients (10.29% of PUI), confirmed cases (0.57% of PUI), or excluded between January and February 2020. C: The total confirmed cases between January and February 2020 in Nanjing, 43.01% (40 cases) were screened from ED visits.Fig. 1

During the peak of the pandemic, i.e., February 2020, the number of patients admitted to EDs acutely declined. Compared to February 2019, the ED visits in 28 Nanjing hospitals dropped from 262,503 to 99,949, i.e., a decrease of 61.92% (95% CI 61.74%--62.11%), in which 24 hospitals (85.71%) experienced a decrease of more than 50% in ED volume. Sixteen Grade-A tertiary hospitals, four Grade-B tertiary hospitals, and five Grade-A secondary hospitals faced a decrease in patient visits. Compared to January 2020 (*n* = 313,125 ED visits), the decrease reached 68.08% (95% CI 67.92%--68.24%). There were 26 hospitals (92.86%) that had a decrease of more than 50% in ED visits (17 Grade-A tertiary hospitals, 4 Grade-B tertiary hospitals, and 5 Grade-A secondary hospitals).

3.2. Visit severity: Year-year analysis {#s0055}
---------------------------------------

To observe the influence on ED visit severity, we first analyzed data from February from 2017 to 2020 (see [Table 1](#t0010){ref-type="table"} ). When all hospital visits were analyzed, six out of seven severe ED visit types were affected by the pandemic. There were no significant differences in fatality, the proportion of CPR, or ACS between 2017 and 2019. However, when the 2020 data were included, the change in fatality (0.26%, 95% CI 0.22%--0.29%), CPR (0.19%, 95% CI 0.16%--0.21%), and ACS (0.39%, 95% CI 0.35%--0.42%) became significantly increased (*P* \< .001, respectively). In addition, the number of critically ill and trauma visits showed a downward trend from 2017 to 2019, but while the overall number decreased, the proportion increased in 2020 due to the pandemic. Furthermore, the proportions of stroke showed an upward trend in the first 3 years, with a marked increase in Feb 2020 (0.81%, 95%CI 0.76--0.87) (increasing from 2017 to 2018: 9.76%; from 2018 to 2019: 2.22%; from 2019 to 2020: 76.09%). Although the absolute number in each severe visit type decreased during Feb 2020, the proportion of each variable was significantly increased, possibly due to change in proportion of other ED visits during the pandemic. Lastly, the proportion of poisoning showed a downward trend in the first 3 years, and for the whole period including February 2020, though the decrease in numbers for February 2020 alone was not statistically significant (increasing rate from 2017 to 2018: 6.90%; from 2018 to 2019: −32.26%; from 2019 to 2020: −19.05%). There was no direct evidence that the poisoning visits were affected by the pandemic. While the proportion of severe visits increased, the gross number of severe visits decreased along with all other visit types. Overall decreases in visits were likely due to fear of coming to the healthcare facility during the peak of the pandemic.Table 1The year-to-year analysis between February of each year from 2017 to 2020.Table 1Grade of hospitalsVariablesFeb, 2017Feb, 2018Feb, 2019Feb, 2020χ^2^Pχ^2^~trend~P ~trend~χ^2^\*P\*χ^2^~trend~\*\*P ~trend~\*\*N (%, 95%CI)N (%, 95%CI))N (%, 95%CI))N (%, 95%CI))Grade-A TertiaryED visits127,101147,521168,22265,382Critically ill visits11,727\
(9.23, 9.07--9.39)12,077\
(8.19, 8.05--8.33)13,394\
(7.96, 7.83--8.09)7209\
(11.03, 10.79--11.27)650.495\<0.00128.590\<0.001163.501\<0.001142.389\<0.001Deaths198\
(0.16, 0.13--0.18)247\
(0.17, 0.15--0.19)260\
(0.15, 0.14--0.17)216\
(0.33, 0.29--0.37)93.110\<0.00136.924\<0.0010.9510.6220.0260.872CPR155\
(0.12, 0.10--0.14)188\
(0.13, 0.11--0.15)227\
(0.13, 0.12--0.15)141\
(0.22, 0.18--0.25)31.726\<0.00118.501\<0.0010.9780.6130.9710.325ACS468\
(0.37, 0.33--0.40)477\
(0.32, 0.29--0.35)501\
(0.30, 0.27--0.32)284\
(0.43, 0.38--0.48)30.172\<0.0010.1500.69911.0910.00410.8100.001Stroke517\
(0.41, 0.37--0.44)630\
(0.43, 0.39--0.46)728\
(0.43, 0.40--0.46)490\
(0.75, 0.68--0.81)131.873\<0.00166.232\<0.0011.2310.5401.1080.293Trauma1060\
(0.83, 0.78--0.88)1077\
(0.73, 0.69--0.77)1069\
(0.64, 0.60--0.67)592\
(0.91, 0.83--0.98)63.877\<0.0012.2640.13239.811\<0.00139.782\<0.001Poisoning344\
(0.27, 0.24--0.30)418\
(0.28, 0.26--0.31)314\
(0.19, 0.17--0.21)118\
(0.18, 0.15--0.21)46.671\<0.00133.477\<0.00135.949\<0.00122.887\<0.001Grade-B TertiaryED visits30,01537,05944,34214,793Critically ill visits987\
(3.29, 3.09--3.49)1266\
(3.42, 3.23--3.60)1687\
(3.80,3.63--3.98)1105\
(7.47, 7.05--7.89)541.025\<0.001293.793\<0.00116.328\<0.00115.114P \< .001Deaths24\
(0.08, 0.05--0.11)26\
(0.07, 0.04--0.10)28\
(0.06, 0.04--0.09)16\
(0.11, 0.06--0.16)3.2340.3570.1230.7260.7240.696NANACPR26\
(0.09, 0.05--0.12)27\
(0.07, 0.05--0.10)35\
(0.08, 0.05--0.11)20\
(0.14, 0.08--0.19)5.1950.1581.2910.2560.3980.819NANAACS18\
(0.06, 0.03--0.09)26\
(0.07, 0.04--0.10)15\
(0.03, 0.02--0.05)16\
(0.11, 0.06--0.16)11.5280.0090.1200.7295.4160.067NANAStroke131\
(0.44, 0.36--0.51)161\
(0.43, 0.37--0.50)162\
(0.37, 0.31--0.42)118\
(0.80, 0.65--0.94)46.970\<0.0018.6630.0033.2250.199NANATrauma148\
(0.49, 0.41--0.57)181\
(0.49, 0.42--0.56)159\
(0.36, 0.30--0.41)82\
(0.55, 0.43--0.67)14.2720.0031.0230.31210.6620.0058.4700.004Poisoning74\
(0.25, 0.19--0.30)55\
(0.15, 0.11--0.19)82\
(0.18, 0.14--0.22)21\
(0.14, 0.08--0.20)10.3840.0164.3500.0378.5260.0142.6710.102Grade-A SecondaryED visits37,19139,31149,93919,774Critically ill visits319\
(0.86, 0.76--0.95)379\
(0.96, 0.87--1.06)403\
(0.81, 0.73--0.88)309\
(1.56, 1.39--1.73)91.494\<0.00127.740\<0.0016.3950.0410.9840.321Deaths25\
(0.07, 0.04--0.09)38\
(0.10, 0.07--0.12)25\
(0.05, 0.03--0.07)24\
(0.12, 0.07--0.17)12.2690.0070.5590.4556.9120.0321.3180.251CPR28\
(0.08, 0.05--0.10)40\
(0.10, 0.07--0.13)30\
(0.06, 0.04--0.08)24\
(0.12, 0.07--0.17)8.5610.0360.3290.5664.9670.083NANAACS15\
(0.04, 0.02--0.06)33\
(0.08, 0.06--0.11)115\
(0.23, 0.19--0.27)85\
(0.43, 0.34--0.52)143.695\<0.001131.586\<0.00168.687\<0.00163.183P \< .001Stroke148\
(0.40, 0.33--0.46)225\
(0.57, 0.50--0.65)325\
(0.65, 0.58--0.72)203\
(1.03, 0.89--1.17)85.520\<0.00175.253\<0.00125.253\<0.00124.124P \< .001Trauma801\
(2.15, 2.01--2.30)925\
(2.35, 2.20--2.50)1268\
(2.54, 2.40--2.68)552\
(2.79, 2.56--3.02)26.399\<0.00126.251\<0.00113.7470.00113.741P \< .001Poisoning150\
(0.40, 0.34--0.47)211\
(0.54, 0.46--0.61)168\
(0.34, 0.29--0.39)31\
(0.16, 0.10--0.21)54.124\<0.00125.709\<0.00121.476\<0.0013.4910.062All hospitalsED visits194,307223,891262,50399,949Critically ill visits13,033\
(6.71, 6.60--6.82)13,722\
(6.13, 6.03--6.23)15,484\
(5.90, 5.81--5.99)8623\
(8.63, 8.45--8.80)962.607\<0.001106.768\<0.001128.847\<0.001121.077\<0.001Deaths247\
(0.13, 0.11--0.14)311\
(0.14, 0.12--0.15)313\
(0.12, 0.11--0.13)256\
(0.26, 0.22--0.29)102.577\<0.00133.087\<0.0013.6730.159NANACPR209\
(0.11, 0.09--0.12)255\
(0.11, 0.10--0.13)292\
(0.11, 0.10--0.12)185\
(0.19, 0.16--0.21)40.022\<0.00118.315\<0.0010.3770.828NANAACS501\
(0.26, 0.24--0.28)536\
(0.24, 0.22--0.26)631\
(0.24, 0.22--0.26)385\
(0.39, 0.35--0.42)66.971\<0.00118.952\<0.0011.8270.401NANAStroke796\
(0.41, 0.38--0.44)1016\
(0.45, 0.43--0.48)1215\
(0.46, 0.44--0.49)811\
(0.81, 0.76--0.87)246.603\<0.001139.732\<0.0017.7600.0216.7240.010Trauma2009\
(1.03, 0.99--1.08)2183\
(0.98, 0.93--1.02)2496\
(0.95, 0.91--0.99)1226\
(1.23, 1.16--1.29)59.620\<0.0016.3740.0128.1150.0177.6530.006Poisoning568\
(0.29, 0.27--0.32)684\
(0.31, 0.28--0.33)564\
(0.21, 0.20--0.23)170\
(0.17, 0.14--0.20)78.232\<0.00161.722\<0.00143.984\<0.00128.876\<0.001[^1]

Higher level hospitals had more pronounced effects due to the pandemic. For Grade-A tertiary hospitals (level A), 6 out of 7 severe visit categories significantly increased during the pandemic (the fatality rate, the proportion of CPR, stroke, critically ill, ACS and trauma visits). For Grade-B tertiary hospitals (level B), 4 out of 7 severe visit categories were affected by the pandemic and increased significantly, (the percentages of critically ill, ACS, stroke and trauma). For the Grade-A secondary hospitals (level C), only 3 out of 7 severe visit categories were affected and increased during the pandemic, i.e., the fatality rate, proportions of critically ill and CPR visits. However, all three hospitals levels had a decrease in poisoning visits with no direct evidence that those visit types were affected by the pandemic. Other severe visit types did not change significantly.

3.3. Visit severity: Month-month analysis {#s0060}
-----------------------------------------

We observed month-to-month data from the last quarter of 2019 through February 2020 (see [Table 2](#t0015){ref-type="table"} ). Overall, 6 out of 7 severe visit categories were affected by the pandemic: the percentages of CPR (*P* = .333) for October 2019 through January 2020 showed no difference, while the fatality rate just reached statistical significance (*P* = .049) during these first 4 months of the epidemic. While the overall number of severe visits decreased in February 2020, as did overall ED visit volume, the inclusion of the February 2020 data led to an increase in proportion of visits with both CPR and death (*P* \< .001, respectively). The number of severe visits declined, but not as much as other visit types, leading to an increased proportion. Critically ill, ACS, stroke and trauma visit types decreased between October--January but increased in February 2020 due to the pandemic. The proportion of poisoning visits decreased but there was insufficient evidence (decreasing rate from Oct 2019 to Nov 2019: −16.00%; from Nov 2019 to Dec 2019: 17.24%; from Dec 2019 to Jan 2020: 16.67%; from Jan 2020 to Feb 2020: 15.00%) to suggest that its decrease is due to the pandemic or by natural trend. When stratified by different categories of hospital, the differences in severe visit categories affected by the pandemic in the entire dataset did not change. For instance, Grade-A tertiary hospitals had 6 variables affected by the pandemic, which was consistent with the overall data. Grade-B tertiary hospitals and Grade-A secondary hospitals had increases in the proportion of fatality, CPR, critically ill, ACS, stroke and trauma during February 2020 while the proportion of poisoning decreased significantly.Table 2The month-to-month analysis from October 2019 to February 2020.Table 2Grade of hospitalsVariablesOct, 2019Nov, 2019Dec, 2019Jan, 2020Feb, 2020χ^2^Pχ^2^~trend~P ~trend~χ^2^\*P\*χ^2^~trend~\*\*P ~trend~\*\*N (%, 95%CI)N (%, 95%CI)N (%, 95%CI)N (%, 95%CI)N (%, 95%CI)Grade-A TertiaryED visits165,300159,715180,083207,37865,382Critically ill visits14,992\
(9.07,8.93--9.21)14,129\
(8.85, 8.71--8.99)15,270\
(8.48, 8.35--8.61)14,891\
(7.18, 7.07--7.29)7209\
(11.03, 10.79--11.27)1086.374\<0.00132.758\<0.001538.691\<0.001461.759\<0.001Deaths197\
(0.12, 0.10--0.14)236\
(0.15, 0.13--0.17)246\
(0.14, 0.12--0.15)260\
(0.13, 0.11--0.14)216\
(0.33, 0.29--0.37)164.647\<0.00144.383\<0.0016.0590.109NANACPR180\
(0.11, 0.09--0.12)200\
(0.13, 0.11--0.14)202\
(0.11, 0.10--0.13)227\
(0.11, 0.10--0.12)141\
(0.22, 0.18--0.25)53.577\<0.00111.8310.0012.5710.463NANAACS530\
(0.32, 0.29--0.35)493\
(0.31, 0.28--0.34)571\
(0.32, 0.29--0.34)447\
(0.22, 0.20--0.24)284\
(0.43, 0.38--0.48)93.739\<0.0011.8420.17551.932\<0.00133.371\<0.001Stroke761\
(0.46, 0.43--0.49)787\
(0.49, 0.46--0.53)784\
(0.44, 0.40--0.47)691\
(0.33, 0.31--0.36)490\
(0.75, 0.68--0.82)201.019\<0.0010.4280.51364.055\<0.00145.046\<0.001Trauma1875\
(1.13, 1.08--1.19)1659\
(1.04, 0.99--1.09)1562\
(0.87, 0.82--0.91)1106\
(0.53, 0.50--0.56)592\
(0.91, 0.83--0.98)458.242\<0.001293.661\<0.001458.927\<0.001428.392\<0.001Poisoning395\
(0.24, 0.22--0.26)468\
(0.29, 0.27--0.32)404\
(0.22, 0.20--0.25)360\
(0.17, 0.16--0.19)118\
(0.18, 0.15--0.21)64.715\<0.00136.449\<0.00157.551\<0.00130.404\<0.001Grade-B TertiaryED visits43,79236,94445,02152,62414,793Critically ill visits1891\
(4.32, 4.13--4.51)2007\
(5.43, 5.20--5.66)1999\
(4.44, 4.25--4.63)2045\
(3.89, 3.72--4.05)1105\
(7.47, 7.05--7.89)397.726\<0.00114.283\<0.001124.979\<0.00129.361\<0.001Deaths16\
(0.04, 0.02--0.05)26\
(0.07, 0.04--0.10)15\
(0.03, 0.02--0.05)24\
(0.05, 0.03--0.06)16\
(0.11, 0.06--0.16)17.0350.0022.3460.1267.2840.063NANACPR19\
(0.04, 0.02--0.06)27\
(0.07, 0.05--0.10)16\
(0.04, 0.02--0.05)28\
(0.05, 0.03--0.07)20\
(0.14, 0.08--0.19)22.777\<0.0014.1010.0436.2510.100NANAACS15\
(0.03, 0.02--0.05)23\
(0.06, 0.04--0.09)22\
(0.05, 0.03--0.07)15\
(0.03, 0.01--0.04)16\
(0.11, 0.06--0.16)18.9450.0011.3110.2527.0180.071NANAStroke148\
(0.34, 0.28--0.39)154\
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(0.24, 0.19--0.28)104\
(0.28, 0.23--0.34)112\
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(0.26, 0.24--0.28)605\
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(0.64, 0.61--0.67)1539\
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(0.81, 0.76--0.87)466.233\<0.00165.382\<0.001330.513\<0.001303.925\<0.001Trauma3828\
(1.47, 1.43--1.52)3605\
(1.47, 1.43--1.52)3244\
(1.15, 1.11--1.19)2441\
(0.78, 0.75--0.81)1226\
(1.23, 1.16--1.29)793.844\<0.001492.037\<0.001794.804\<0.001708.415\<0.001Poisoning656\
(0.25, 0.23--0.27)707\
(0.29, 0.28--0.31)671\
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4. Limitations {#s0065}
==============

Similar to other cross sectional data, our findings may be limited by response bias, but the data are obtained from the electronic record system (ERS) that are available for all the ED units. Also, the response rate (90.32%) of Nanjing hospitals was high. The analyses only included adults and cannot be applied to children. Other ecologic variables were not accounted for (eg, season, temperature, air quality) and may have confounded our results. Similarly, we did not control for other variables known to contribute to ED visits, such as hospital or ED unit expansion or new housing construction, during the study period.

The conditions and diagnosis involved in this study were designed to include a sample representative of one of China\'s largest capital province cities, Nanjing. And these changes may not reflect changes in visit types observed in other hospital types in China or the US cities. Categorization of ED visits were defined according to the initial diagnosis when entering the EDs but not to the discharge diagnoses. Therefore, not all diagnoses were definitive and confirmed through gold standard methods (eg, the diagnosis of coronary heart disease by percutaneous coronary angiography). However, all the data were collected in a consistent way and comparable across the observation period between hospitals.

Due to the scarcity of resources, we did not capture specific symptoms of COVID-19 confirmed cases in detail, such as the proportion of fever. However, from the early stages of the epidemic through the peak of the outbreak, confirmed cases were identified through ED visits, suggesting the importance of COVID-19 screening in EDs.

Last, although all the suspected patients in fever clinic received at least two pathogenic test before they get confirmed or excluded, according the Chinese authorities\' criteria, not all the patients discharged from the ED were tested due to the limitation on testing availability at the peak time. With increasing awareness of disease and technical improvements, there is evidence that patients who were positive for SARS-CoV-2 were asymptomatic \[[@bb0040]\]. However, this part of the population may not be the major ED utilizers.

5. Discussion {#s0070}
=============

Here we demonstrate that COVID-19 was associated with decreased ED volume but increased ED visit severity in a major Chinese city. On March 11, 2020, the World Health Organization designated "coronavirus disease 2019" (COVID-19) a global pandemic. As of 10:00 CET 20 April 2020, a total of 84,237 COVID-19 cases have been confirmed in China, as reported by the Chinese national authorities \[[@bb0045]\]. Globally, 2,314,621 cases have been reported in 212 countries, areas or territories. As the epidemic is evolves it is critical to determine the impact on EDs to guide resource utilization.

Since China experienced the rise in in this epidemic earlier than the world, it is critical to report some of the lessons learned to complement our understanding of this pandemic. Our data demonstrate that in a first-tier, non-outbreak major Chinese city, 28 EDs with totally 716 beds, played an important role in screening out 43.01% of the confirmed cases citywide. Second, local ED collaboration with fever clinics provided an effective prevention and control approach for this epidemic, especially limiting the propensity for nosocomial spread.

Previous studies on COVID-19 have mainly focused on epidemiological, clinical, and therapy of patients with confirmed infection. While significant attention has been paid to providing adequate medical supplies to front line providers, little attention has been paid to the impact on other emergency medical conditions. Emergency department (ED) utilization has risen in recent years, with a cumulative growth 6.7% in the number of visits between 2010 and 2014 in the United States, compared to the U.S. population growth of 2.97% \[[@bb0050]\]. This same phenomenon has been observed in China, only worse. A study \[[@bb0055]\] of 17 Grade A tertiary hospital from 12 provinces of China showed that the average volume of ED visits per hospital in 2012 was 147,400 ± 67,000 and the average waiting time exceeded 30 min for 59% of ED visits. In 2013, a survey \[[@bb0060]\] from 36 EDs in Beijing showed that participating EDs saw a median of 80,000 patients (interquartile range 40,000-118,508), more than three times that of the United States, with over half the patients having greater than a 6 h length of stay. The current hospital systems and emergency departments are already at or over capacity in daily operations. Lessons from history tell us a system that is stressed cannot respond adequately to crisis. This has played out in places such as Milan, Italy and New York City as EDs have been overwhelmed with lack of emergency personnel and ventilators \[[@bb0065]\]. In order to respond to the epidemic, most hospitals closed routine clinics and canceled elective surgeries. But EDs have no such option. EDs remain open; not only to care for the traumatic injuries, heart attacks, or strokes that continue whether a pandemic is circulating or not, but because people who are ill with acute clinical symptoms are most likely to seek care in EDs. Public health messaging to maintain patient comfort with seeking emergency care is critical to minimize late presentation of severe illness.

Although the absolute number in each variable was decreased during Feb 2020, with the exception of poisoning visits, the proportion of severe visits were significantly increased, possibly due to change in proportion of other ED visits during the pandemic. During the pandemic, people were mandated to stay at home, which has reduced the chance of trauma. The absolute number of even the most severe diseases decreased, maybe because people tend to avoid medical facilities until their illness became very severe and brought them to the ED during the pandemic. This was also reflected by the higher fatality rate during the peak of the pandemic in Nanjing. It is likely that there were more out of hospital deaths leading to an absolute decrease in the number of fatalities in EDs. Though some behavioral changes may have also decreased these deaths, such as fewer high speed motor vehicle collisions. On the other hand, poisoning visits decreased, both the absolute number and the proportion. Previous epidemiological investigations have confirmed that deliberate suicide was one of the most important reasons for poison exposure in Jiangsu province \[[@bb0070]\], suggesting that at least, the population was not pushed to overdose during the epidemic.

In the face of COVID-19, China has rolled out perhaps the most ambitious, agile, and aggressive disease containment effort in history. In response to authority policies, travel was suspended from multiple cities, social activities were canceled, and the medical model changed. During the outbreak month in Nanjing the total number of ED visits declined precipitously, rather than the over-crowding that may have been expected. More importantly, the situation may also reflect the actual demand for critical illness treatment in emergency facilities in Nanjing. We have observed that among the seven severe disease categories in this study, representing the key diseases and critical strengths of ED care, the proportion of critical illnesses were significantly increased during the peak of the pandemic. In terms of the year-on-year data, the impact of this epidemic was more pronounced in higher-level hospitals with comprehensive emergency medicine capabilities. However, all levels of hospital were widely affected; no-one was spared.

In a severe pandemic, the usual standards of care are not be maintained. In the context of a pandemic, the value of maximizing benefit is most important \[[@bb0075]\]. On the other hand, there should be no difference in allocating scarce resources between patients with COVID-19 and those with other medical conditions. We believe health care organizations must prioritize resources immediately to do the most with what we have available. Prioritization guidelines should respond to changing scientific evidence rather than basing decisions on individual institutions\' approaches or a clinician\'s intuition in the heat of the moment. In our experience, non-COVID-related emergency medicine services need to be preserved. Although the proportion of critical illness has increased, the absolute number of critical visits remains stable, suggesting that it is reasonable to consider allocating limited services to higher-level hospitals for comprehensive care of quaternary level patients.

In summary, while overall ED volume decreased during the COVID-19 pandemic, including a decrease in the number of severe visit types, the proportion of severe ED visits increased. The highest level hospitals had the largest magnitude of proportional severe visit increases. This suggests EDs should plan for decreased volume but maintain resources for treatment of the most severe conditions, and medical systems should concentrate resources for long term care of critical patients at the highest level hospitals during an epidemic.
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[^1]: P: inter-group chi-square test on the whole dataset (4 time points). P ~trend~: time series trend test on the entire dataset (4 time points). P\*: inter-group chi-square test for the first 3 data points by disregarding the data for Feb 2020. P ~trend~\*\*: time series trend test on the first 3 data points.

[^2]: P: inter-group chi-square test on the whole dataset (5 time points). P ~trend~: time series trend test on the entire dataset (5 time points). P\*: inter-group chi-square test for the first 4 data points by disregarding the data for Feb 2020. P ~trend~\*\*: time series trend test on the first 4 data points.
